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Objectives. We sought to assess the ST segment and the 
terminal portion of the QRS complex in the initial electrocardio- 
gram (ECG) as tools to predict outcome in patients with acute 
myocardial infarction given thrombolytic therapy. 
Background. Previous studies assessing early risk stratification 
of patients with acute myocardial infarction by ECG criteria have 
focused on the number of leads with ST segment elevation or the 
absolute magnitude of ST deviation. A new classification indepen- 
dent of the absolute values of ST deviation was pursued. 
Methods. Patients with ST elevation and positive T waves in at 
least two adjacent leads who received thrombolytic therapy were 
classified into two groups based on the absence (1,232 patients) or 
presence (1,371 patients) of distortion of the terminal portion of 
the QRS complex on the admission ECG. 
Results. There were no differences between groups in the 
prevalence of previous angina, hypertension, current smoking, 
anterior infarction, time from onset of symptoms to therapy or 
type of thrombolytic regimen. Patients with QRS distortion were 
less likely to have had a previous infarction (15.0% vs. 18.4%, p = 
0.02) or diabetes mellitus (16.9% vs. 21.4%, p = 0.003). They had 
higher peak creatine kinase levels (1,617 -+ 1,670 vs. 1,080 -+ 1,343 
IU, p = 0.00001). Hospital mortality for those with and without 
QRS distortion was 6.8% and 3.8%, respectively (p = 0.0008). 
Multivariable logistic regression analysis confirmed that hospital 
mortality was independently associated with distortion of the 
terminal portion of the QRS complex (odds ratio 1.78, 95% 
confidence interval 1.19 to 2.68, p = 0.004). 
Conclusions. Distortion of the terminal portion of the QRS 
complex on the admission ECG is independently associated with a 
higher hospital mortality rate in patients with acute myocardial 
infarction given thrombolytic therapy. 
(J Am Coll Cardiol 1996;27:1128-32) 
Epicardial and precordial electrocardiographic (ECG) map- 
ping has demonstrated that the magnitude of ST segment 
elevation reflects the extent of myocardial injury (1-4) in acute 
myocardial infarction. As a result, the distribution and magni- 
tude of ST elevation have been used both to identify patients 
who may benefit most from early thrombolytic therapy (5-7) 
and to monitor the effects of reperfusion therapy (8,9). How- 
ever, because the magnitude of ST elevation, which is influ- 
enced by the extent and severity of the ischemia, is also 
determined by other factors uch as shape and size of the chest 
wall or infarction site (10), we pursued a new classification, 
independent of the absolute values of ST segment deviation. 
We (11,12) recently reported that the pattern of ST 
elevation--taking into account he relation between the T 
wave, the ST segment and the terminal portion of the QRS 
complex--predicted hospital mortality in patients with a first 
anterior wall acute myocardial infarction. However, that study 
included patients not eligible for thrombolytic therapy and 
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excluded patients with a previous infarction. The present 
retrospective analysis assesses the prognostic significance of 
the initial ECG pattern in patients with acute myocardial 
infarction given intravenous thrombolytic therapy. 
Methods  
Patients. All patients were admitted within 6 h from the 
onset of symptoms and had chest pain lasting ->20 min. All 
patients were enrolled in 25 Israeli centers that took part in the 
GUSTO I Study (13). To be included in this analysis, patients 
had to have ST segment elevation ->0.1 mV in two or more 
limb leads or ->0.2 mV in two or more consecutive precordial 
leads and positive T waves in the leads with ST elevation in 
their admission ECG. Myocardial infarction was confirmed in 
95.2% of patients by either new Q waves or an increase in serum 
creatinine kinase. Patients with left bundle branch block, ventric- 
ular rhythm or negative T waves in the leads with ST elevation 
were excluded. Patients received either streptokinase, front- 
loaded recombinant tissue-type plasminogen activator (rt-PA) or 
a combination of streptokinase and rt-PA (13). All patients 
received oral aspirin (160 to 325 mg/day) and either intravenous 
or subcutaneous heparin for ->48 h. 
Electrocardiographic evaluation. All admission ECGs 
were analyzed by three experienced cardiologists (Y.B., I.W., 
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Figure 1. Admission electrocardiograms from eight patients with 
inferior wall acute myocardial infarction. Leads II, III and aVF are 
presented. Examples a to d are from patients without distortion of the 
terminal portion of the QRS complex. Despite differences in magni- 
tude of ST segment elevation, the J points emerge at <50% of R wave 
height. Examples e to h are from patients with terminal QRS distor- 
tion. In these four patients the J points in leads III and aVF emerge at 
>50% of the R wave height. 
and B.Z.), all coauthors of this study, who classified patients 
into two groups: 1) those with tall symmetric T waves and ST 
elevation in two or more adjacent leads without major changes 
in the configuration of the terminal portion of the QRS complex 
(Fig. 1 and 2), and 2) those with tall symmetric T waves and ST 
elevation and distortion of the terminal portion of the QRS 
complex in two or more consecutive leads (emergence of the 
J point at a level above the lower half of the R wave in leads with 
a qR configuration or disappearance of the S wave in leads with 
an Rs configuration) (11,14) (Fig. 1 and 2). In cases of uncertain 
ECG-classification, two other experienced cardiologists, also co- 
authors, were consulted. 
The number of leads in the admission ECG with ST 
elevation (->0.1 mV in limb leads and ->0.2 mV in precordial 
leads) and the presence of abnormal Q waves in leads with ST 
elevation were recorded. Abnormal Q waves were defined as 
follows: 1) a Q wave >25% of the R wave or with a width 
->0.04 s in limb leads; 2) a QR complex in lead V 1 (an isolated 
QS complex in lead V1 was considered normal); 3) any Q wave 
in lead V 2 or V3; 4) a Q wave in lead V 4 with a duration 
->0.02 s, ->0.1 mV or deeper than the Q wave in lead Vs; 5) a 
Q wave in lead V 5 or V 6 ->25% of the R wave or with a 
duration ->0.04 s (7). 
The site of infarction was determined as follows: ST elevation 
in leads V 1 to V 4 = anterior wall; ST elevation in leads II, III and 
aVF = inferior wall; ST elevation in either leads I and aVL or 
leads V s and V 6 without ST elevation in either the inferior or 
anterior leads = lateral wall; and ST elevatiosa in the inferior and 
anterior leads = anterior and inferior myocardial infarction. 
Baseline characteristics and clinical outcome. Gender, 
age, history of diabetes mellitus, hypertension, previous angina 
pectoris or myocardial infarction, smoking status, Killip class 
e 
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Figure 2. Admission electrocardiograms from seven patients with ante- 
rior wall acute myocardial infarction. Examples a and b are from patients 
without distortion of the terminal portion of the QRS complex. There are 
S waves in leads V 2 and V 3, and the J points emerge at <50% of R wave 
height. Examples c to g are from patients with terminal QRS distortion. In 
these five patients there is no S wave in leads V 2 and V 3. 
on admission, type of thrombolytic therapy and time from 
onset of symptoms to administration of thrombolytic therapy 
were recorded. End points were peak serum creatine kinase 
level and hospital mortality. Data on the hospital course were 
available for all patients. 
Statistical analysis. Mean values _+ SD were calculated for 
continuous variables (i.e., age, time from onset of symptoms 
and serum creatine kinase levels), and absolute and relative 
frequencies were measured for discrete variables. For contin- 
uous variables, differences between groups were analyzed for 
statistical significance by two-tailed Student t test. The chi- 
square test was used to compare differences between discrete 
variables. Logistic regression analysis included hospital mor- 
tality as the dependent variable and gender, age, history of 
diabetes mellitus, hypertension, previous myocardial infarc- 
tion, angina pectoris, smoking status, time from onset of 
symptoms to thrombolytic therapy, Killip class on admission, 
number of leads with ST segment elevation, presence of Q 
waves on admission and the initial ECG pattern as indepen- 
dent variables. Odds ratios and 95% confidence intervals (CI) 
were calculated. All tests of significance were two-tailed. A p 
value < 0.05 was considered statistically significant. 
Resu l ts  
Baseline characteristics. The total study group consisted 
of 2,603 patients; of these, 1,371 had distortion of the terminal 
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Table 1. Baseline Patient Characteristics, Regimen and Outcome 
Distortion of QRS Complex 
Total Group No Yes 
(n = 2,603) (n = 1,232) (n = 1,371) 
P 
No. % No. % No. % Value 
Baseline characteristics 
Male 2,042 78.7 961 78.3 1,081 79.1 0.61 
Age (yr) 60.1 _+ 11.9 59.5 -- 11.8 60.6 _+ 12.0 0.0001 
Previous infarction 431 16.6 226 18.4 205 15.0 0.02 
Previous angina 903 34.8 423 34.5 480 35.1 0.72 
Hypertension 862 33.2 407 33.2 455 33.3 0.94 
Diabetes mellitus 494 19.0 263 21.4 231 16.9 0.003 
Current smoker 1,099 42.4 508 41.4 591 43.3 0.34 
Infarction site 
Anterior wall 1,154 44.5 545 44.4 609 44.5 0.56 
Inferior wall 1,333 51.3 614 50.0 719 52.6 - -  
Admission Killip class >1 459 17.7 192 15.6 267 19.5 0.01 
Time from pain to thrombolytic therapy (min) 189 _+ 209 190 -- 132 188 + 259 0.79 
Leads with ST elevation (no.) 4.1 _+ 1.6 3.6 --_ 1.3 4.6 _+ 1.7 0.0001 
Thrombolytic regimen 
SK + IV heparin 664 25.6 324 26.4 340 24.8 0.80 
SK + SC heparin 635 24.5 296 24.1 339 24.8 - -  
rt-PA 653 25.2 302 24.6 351 25.6 - -  
rt-PA + SK 644 24.8 305 24.9 339 24.8 
End points 
Peak creatine kinase (IU) 1,362 _+ 1,546 1,080 _+ 1,343 1,617 -- 1,670 0.00001 
Total mortality 140 5.4 47 3.8 93 6.8 0.0008 
Cardiac mortality 123 4.7 41 3.3 82 6.0 0.003 
Reinfarction 101 3.9 34 2.8 67 4.9 0.005 
Data are expressed as number and percent of patients or mean value ± SD. IV = intravenous; rt-PA = recombinant tissue-type plasminogen activator; SC = 
subcutaneous; SK = streptokinase. 
portion of the QRS complex and 1,232 did not (Table 1). 
There was no difference between groups in male/female ratio, 
prevalence of previous angina, hypertension, proportion of 
smokers, type of thrombolytic regimen or time from onset of 
symptoms to thrombolytic therapy. Patients with QRS distor- 
tion were older and less frequently had previous myocardial 
infarction and diabetes mellitus. They also tended to have a 
larger infarction as expressed by the greater number of leads 
with ST elevation, higher peak creatine kinase level and the 
greater proportion of patients with Killip class >1 on admis- 
sion (Table 1). 
Variables affecting total mortality--logistic regression 
analysis (Table 2). Hospital mortality in patients with termi- 
nal QRS distortion was almost twice that in patients without 
distortion (Table 1). Multivariable analysis taking into account 
all baseline characteristics, including the initial ECG pattern, 
demonstrated that hospital mortality was independently asso- 
ciated with female gender, previous myocardial infarction, age 
>60 years, nonsmoking, Killip class >1 on admission, anterior 
wall infarction, presence of abnormal Q wave on admission 
and the initial ECG pattern. The odds ratio of QRS distortion 
was 1.78 (95% CI 1.19 to 2.68). Multivariable analysis, includ- 
ing only patients with anterior wall (Table 3), found the 
following variables to be independently associated with in- 
creased hospital mortality: female gender, nonsmoking, Killip 
class on admission >1, age >60 years and initial ECG pattern. 
The odds ratio for QRS distortion among patients with ante- 
rior wall infarction was 2.33 (95% CI 1.36 to 3.98). 
A longer interval (>2 h) from onset of symptoms to 
initiation of thrombolytic treatment was associated with in- 
creased hospital mortality only among patients with QRS 
distortion and not in patients without QRS distortion (Table 
4). Among patients treated within 2 h of onset of symptoms 
Table 2. Baseline Characteristics Independently Associated With 
Hospital Mortality: Results of Multivariate Analysis Including the 
Total Study Group 
95% 
Odds Confidence p 
Ratio Interval Value 
Women vs. men 1.79 1.18-2.71 0.005 
Previous myocardial infarction 2.06  1.34-3.18 0.0007 
Age (yr) 
60-69 vs. <60 2.00 1.03-3.88 0.0001 
->70 vs. <60 5 .69  3.07-10.50 - -  
Current smoker (no vs. yes) 2.09  1.20-3.64 0.007 
Killip on admission (>1 vs. 1) 2 .93  1.97-4.36 0.0001 
Anterior vs. inferior infarction 1.80 1.20-2.69 0.003 
Q wave on admission (yes vs. no) 1.42 0.96-2.10 0.07 
QRS distortion (yes vs. no) 1.78 1.19-2.68 0.004 
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Table 3. Baseline Characteristics Independently Associated With 
Hospital Mortality in Patients With Anterior Wall Infarction: 
Results of Multivariate Analysis 
95% 
Odds Confidence p 
Ratio Interval Value 
Women vs. men 1.80 1.06-3.06 0.048 
Current smoker (no vs. yes) 2.54 1.22-5.29 0.02 
Killip class on admission (>1 vs. 1) 2.94 1.79-4.83 0.0001 
Age (yr) 
(60-69 vs. <60) 1.8t 0.80-4.08 0.0001 
(->70 vs. <60) 4.90 2.29-10.5 -- 
QRS distortion (yes vs. no) 2.33 1.36-3.98 0.005 
there was no difference in mortality between patients with and 
without QRS distortion. 
Discussion 
Many studies have focused on the prognostic value of 
absolute ST segment measurements. Some investigators (15- 
17) have found a correlation between the number of leads with 
ST segment elevation and infarct size or mortality, especially in 
patients with anterior wall acute myocardial infarction, but 
other investigators (18,19) have not. 
The magnitude of ST elevation has also been correlated 
with mortality (19,20). However, although some investigators 
(7,10,21-24) reported an association between the sum of ST 
elevation and infarct size and mortality, others (3,18,25,26) 
have not confirmed this observation. Recently, the sum of ST 
elevation was weakly correlated with the myocardial area at 
risk as assessed by technetium-99m sestamibi imaging (27). 
The present retrospective analysis confirms results of an 
earlier study (11) showing an independent association between 
initial ECG pattern and increased hospital mortality in patients 
with a first anterior acute myocardial infarction, including 
patients who did not receive thrombolytic therapy. In the 
previous and present studies, distortion of the terminal portion 
of the QRS complex in the admission ECG was independently 
associated with increased hospital mortality even after ac- 
counting for all baseline characteristics known to affect mor- 
tality in acute myocardial infarction (13,14,28-39). However, 
the difference in mortality between the groups with and 
without terminal QRS distortion was significant only among 
Table 4. Mortality Rate According to Time Interval From 
Onset of Chest Pain to Thrombolytic Treatment and 
Electrocardiographic Pattern 
Distortion of the QRS 
Complex 
Total Time to No Yes Group Thrombolytic p 
Therapy No. % No. % No. % Value 
<-2 h 13 4.2 21 5.3 34 4.8 0.61 
>2 h 32 3.6 70 7.4 102 5.6 0.0005 
those treated >2 h after the onset of symptoms. Thus, it is 
possible that in some patients the beneficial effects of early 
(<2 h) thrombolytic therapy offset the negative prognostic 
implications of a distorted QRS terminal. 
The underlying mechanisms for the presence or absence of 
terminal QRS distortion in the admission ECG is not clear. It 
is plausible that the ECG pattern may simply reflect the 
evolution of the infarction from the onset of pain to the ECG 
recording. However, in our patients, the ECG pattern was 
associated with a significantly higher mortality rate only among 
those treated >2 h after the onset of symptoms. In patients 
with acute myocardial infarction, the ECG usually changes 
dramatically within a short period only in the first minutes after 
coronary occlusion or after reperfusion; in the interval be- 
tween the onset of ischemia nd reperfusion the ECG is more 
stable (7). It is relevant that the time between the onset of pain 
and admission was similar in our two ECG groups. 
QRS complex and ischemic injury. During regional myo- 
cardial ischemia the conduction velocity of the activation wave 
in the Purkinje fibers is prolonged (40,41). Delayed conduction 
decreases the degree of cancellation, increasing the R wave 
and decreasing the S wave amplitudes in the surface ECG 
(40-46). The Purkinje system is less sensitive than the con- 
tracting myocytes to ischemia (47,48). Hence, only a severe and 
prolonged ischemia that affects the Purkinje fibers could alter 
the terminal portion of the QRS complex (40,49). 
Whereas distortion of the QRS complex may represent 
severe ischemia, the absence of such distortion despite pro- 
longed ischemia may signify myocardial protection (probably 
by persistent coronary flow due to subtotal occlusion or 
collateral circulation or by myocardial preconditioning after 
previous hort ischemic episodes). Indeed, in one study (42), 
no such changes in the QRS complex were detected inpatients 
with collateral circulation during angioplasty. 
The markedly increased mortality among our patients with 
distortion of the QRS complex who received treatment >2 h 
after the onset of symptoms probably supports the hypothesis 
that progression of irreversible damage may have been faster 
in these patients. 
Conclusions. Distortion of the terminal portion of the 
QRS complex in the admission ECG is an independent 
predictor of increased hospital mortality in patients receiving 
thrombolytic therapy >2 h after the onset of symptoms. 
Although it is possible that patients with terminal QRS distor- 
tion may benefit from a more invasive strategy, this study 
clearly suggests that earlier thrombolytic treatment will im- 
prove their chances for survival. 
We thank Lisa Underhill for her skillful help in editing the manuscript. 
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